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TI The involvement of phospholipid :diacylglycerol acyl transferases in 
triacylglycerol production. 

AB We have characterized three CoA- independent types of enzyme, 

phospholipases, phospholipid :diacylglycerol acyltransf erases (PDATs) and 
cholinephosphotransf erases, responsible for the removal of unusual fatty 
acids from phosphatidylcholine (PC) in microsomal preparations from 
developing oil seeds. The metabolism of sn-2- [ (14) C] acyl-PC was monitored 
in microsomal preparations from various oilseeds having either 
medium-chain, acetylenic, epoxy or hydroxy fatty acids as their major 
fatty acids in the oil. The results indicate that PDAT plays a 



major role in removing ricinoleic acid and vemolic acid from 
phospholipids in Ricinus communis and Crepis palaestina seeds, 
respectively. However, vemolic, crepenynic and capric acids are 
primarily removed from phospholipids by phospholipases in Euphorbia 
lagascae, Crepis rubra and elm seeds, respectively. Further, we show that 
significant PDAT activity is also present in vegetative tissues 
of Arabidopsis thaliana. 
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TI Diacylglycerol acyl transferase proteins 

AB The invention provides diacylglycerol acyl transferase (DAGAT) proteins, 
wherein said proteins are active in the formation of triacylglycerol 
from fatty acyl and diacylglycerol siibstrates. In one aspect, 
Mortierella ramanniana DAGAT proteins have been isolated and have 
molecular weights of between approximately 36 and 37 kDa as measured by 
SDS-PAGE. The invention also provides novel DAGAT polynucleotide and 
polypeptide sequences and to methods of producing such polypeptides 
using recombinannt techniques. In addition, methods are provided for 
using such sequences to alter triacylglycerol levels in plants and to 
treat diseases associated with altered DAGAT activity or expression. 
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phospholipases, phospholipid: diacylglycerol acyltransf erases (PDATs) and 
cholinephosphotransf erases, responsible for the removal of unusual fatty 
acids from phosphatidylcholine (PC) in microsomal prepns. from developing 
oil seeds. The metabolism of sn-2- [14C] acyl-PC was monitored in microsomal 
prepns. from various oilseeds having either medium-chain, acetylenic, 
epoxy or hydroxy fatty acids as their major fatty acids in the oil. The 
results indicate that PDAT plays a major role in removing 
ricinoleic acid and vemolic acid from phospholipids in Ricinus commionis 
and Crepis palaestina seeds, resp. However, vemolic, crepenynic and 
capric acids are primarily removed from phospholipids by phospholipases in 
Euphorbia lagascae, Crepis rubra and elm seeds, resp. Further, we show 



that significant PDAT activity is also present in vegetative 
tissues of Arabidopsis thaliana. 
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Phospholipid diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 

any cell or organism to increase oil content. 

2000-665012 [64] WPIDS 

WO 200060095 A UPAB: 20060328 

NOVELTY - An enzyme catalyzing (in an acyl-CoA- independent reaction) the 
transfer of fatty acids from phospholipids to diacylglycerol in the 
biosynthetic pathway for the production of triacylglycerol, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: 

(1) a nucleotide sequence encoding the enzyme, or a partial 
nucleotide sequence corresponding to the full length nucleotide sequence 
that encodes the enzyme; 

(2) a gene construct comprising the nucleotide sequence operably 
linked to a heterologous nucleic acid; 

(3) a vector comprising the nucleotide sequence or the gene 
construct ; 

(4) a transgenic cell or organism containing the nucleotide sequence 
and/or the gene construct and/or the vector; 

(5) a process for producing triacylglycerol comprising growing the 
transgenic cell organism under conditions where the nucleotide sequence is 
expressed; and 

(6) triacylglycerol produced by the process of (5) . 

USE - The enzyme and the nucleotides encoding them are useful for 
producing triacylglycerol and/or triacyglycerol with uncommon fatty acids. 
The enzyme and the nucleotide are also useful for transforming any cell or 
organism in order to be expressed in this cell or organism and result in 
an altered, preferably increased oil content of this cell or organism. 
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TI The involvement of phospholipid :diacylglycerol acyltransf erases in 
triacylglycerol production. 

AB We have characterized three CoA- independent types of enzyme, 

phospholipases, phospholipid rdiacylglycerol acyltransf erases (PDATs) and 
cholinephosphotransf erases, responsible for the removal of unusual fatty 
acids from phosphatidylcholine (PC) in microsomal preparations from 
developing oil seeds. The metabolism of sn-2- {14C) acyl-PC was monitored 
in microsomal preparations from various oilseeds having either 
medium-chain, acetylenic, epoxy or hydroxy fatty acids as their major 
fatty acids in the oil . The results indicate that PDAT plays a 
major role in removing ricinoleic acid and vemolic acid from 
phospholipids in Ricinus communis and Crepis palaestina seeds, 
respectively. However, vemolic, crepenynic and capric acids are 
primarily removed from phospholipids by phospholipases in Euphorbia 
lagascae, Crepis "rubra and elm seeds, respectively. Further, we show that 
significant PDAT activity is also present in vegetative tissues 
of Arabidopsis thaliana. 
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TI Phospholipid: diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AN AAB24267 Protein DGENE 

AB The present invention describes an enzyme for catalysing {in an 
acyl- CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 



and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents the Zea 
mays PDAT amino acid sequence. 
ACCESSION NUMBER: AAB24267 Protein DGENE 

TITLE: Phospholipid :diacylglycerol acyltransf erase enzymes in the 

biosynthetic pathway for triacylglycerol 
production and DNAs encoding them, useful for 
producing triacylglycerol, or for transforming any cell or 
organism to increase oil content - 

Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 
(BADDBASF PLANT SCI GMBH. 
WO 2000060095 A2 20001012 
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2000-EP2701 
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2000- 180687 
Patent 
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2000-665012 [64] 
N-PSDB: AAC64445 

Zea mays PDAT amino acid sequence SEQ ID NO: 7b. 
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Phospholipid: diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AAB24266 Protein DGENE 

The present invention describes an enzyme for catalysing (in an 
acyl-CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is, designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents the 
yeast (Saccharomyces cerevisiae) PDAT amino acid sequence. 
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DOCUMENT TYPE: 
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OTHER SOURCE: 
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DESCRIPTION: 



AAB24266 Protein DGENE 

Phospholipid: diacylglycerol acyltransf erase enzymes in the 

biosynthetic pathway for triacylglycerol 

production and DNAs encoding them, useful for 

producing triacylglycerol, or for transforming any cell or 

organism to increase oil content - 

Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 
(BADDBASF PLANT SCI GMBH. 
WO 2000060095 A2 20001012 
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Saccharomyces cerevisiae PDAT amino acid sequence 
SEQ ID NO :2b. 
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TI Phospholipid :diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
'AN AAB24265 Protein DGEUE 

AB The present invention describes an enzyme for catalysing (in an 
acyl-CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents the 
yeast (Saccharomyces cerevisiae) PDAT ORF (open reading frame) 
amino acid sequence. 

ACCESSION NUMBER: AAB24265 Protein DGENE 

TITLE: Phospholipid: diacylglycerol acyltransf erase enzymes in the 

biosynthetic pathway for triacylglycerol 
production and DNAs encoding them, useful for 
producing triacylglycerol, or for transforming any cell or 
organism to increase oil content - 

INVENTOR: Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 

'PATENT ASSIGNEE: {BADI)BASF PLANT SCI GMBH. 

PATENT INFO: WO 2000060095 A2 20001012 97 

APPLICATION INFO: WO 2000-EP2701 20000328 
PRIORITY INFO: EP 1999-106656 19990401 

EP 1999-111321 19990610 

US 2000-180687 20000207 
DOCUMENT TYPE: Patent 
LANGUAGE: English 
OTHER SOURCE: 2000-665012 [64] 

CROSS REFERENCES: N-PSDB: AAC6444 0 

'DESCRIPTION: Saccharomyces cerevisiae PDAT ORF amino acid 

sequence SEQ ID NO :5a. 
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TI Phospholipid: diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AN AAB24264 Protein DGENE 

AB The present invention describes an enzyme for catalysing (in an 
acyl-CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents an 
Arabidopsis thaliana PDAT amino acid sequence. 

ACCESSION NUMBER: AAB24264 Protein DGENE 

TITLE: Phospholipid: diacylglycerol acyltransf erase enzymes in the 

biosynthetic pathway for triacylglycerol 
production and DNAs encoding them, useful for 
producing triacylglycerol, or for transforming any cell or 
organism to increase oil content - 

INVENTOR: Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 

PATENT ASSIGNEE: (BADI)BASF PLANT SCI GMBH. 

PATENT INFO: ' WO 2000060095 A2 20001012 97- 
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Patent 
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Arabidopsis thaliana PDAT amino acid sequence SEQ 
ID NO :3a. 
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Phospholipid :diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AAB24263 Protein DGENE 

The present invention describes an enzyme for catalysing {in an 
acyl-CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents an 
Arabidopsis thaliana PDAT amino acid sequence. 

AAB24263 Protein DGENE 

Phospholipid: diacylglycerol acyltransf erase enzymes in the 
biosynthetic pathway for triacylglycerol 
production and DNAs encoding them, useful for 
producing triacylglycerol, or for transforming any cell or 
organism to increase oil content - 

Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 
(BADI)BASF PLANT SCI GMBH. 
WO 2000060095 A2 20001012 



ACCESSION NUMBER 
'TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



97 



20000328 
19990401 
19990610 
20000207 
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WO 2000-EP2701 
EP 1999-106656 
EP 1999-111321 
US 2000-180687 
Patent 
English 

2000-665012 [64] 

Arabidopsis thaliana PDAT amino acid sequence SEQ 
ID NO :2a. 
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TI Phospholipid: diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AN AAB24262 Protein DGENE 

AB The present invention describes an enzyme for catalysing (in an 
acyl-CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents the 
yeast (Saccharomyces cerevisiae) PDAT ORF {open reading frame) 



amino acid 
ACCESSION NUMBER: 
.TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 



DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 
DESCRIPTION: 



sequence. 
AAB24262 Protein DGENE 

Phospholipid :diacylglycerol acyl transferase enzymes in the 

biosynthetic pathway for triacylglycerol 

production and DNAs encoding them, useful for 

producing triacylglycerol, or for transforming any cell or 

organism to increase oil content - 

Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 
(BADI)BASF PLANT SCI GMBH. 

WO 2000060095 A2 20001012 97 

WO 2000-EP2701 20000328 

EP 1999-106656 19990401 

EP 1999-111321 19990610 

US 2000-180687 20000207 

Patent 

English 

2000-665012 [64] 

Saccharomyces cerevisiae PDAT ORF amino acid 
sequence SEQ ID NO :1a. 
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Phospholipid :diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AAB24261 Protein DGENE 

The present invention describes an enzyme for catalysing (in an 
acyl -CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with iincommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents an 
Arabidopsis thaliana PDAT amino acid sequence. 
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APPLICATION INFO: 
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DOCUMENT TYPE: 
LANGUAGE : 
-OTHER SOURCE: 
DESCRIPTION: 



AAB24261 Protein DGENE 

Phospholipid: diacylglycerol acyltransf erase enzymes in the 

biosynthetic pathway for triacylglycerol 

production and DNAs encoding them, useful for 

producing triacylglycerol, or for transforming any cell or 

organism to increase oil content - 

Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 
(BADI)BASF PLANT SCI GMBH. 
WO 2000060095 A2 20001012 



97 



20000328 
19990401 
19990610 
20000207 



WO 2000-EP2701 
EP 1999-106656 
EP 1999-111321 
US 2000-180687 
Patent 
English 

2000-665012 [64] 

Arabidopsis thaliana PDAT amino acid sequence SEQ 
ID NO: 15. 
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TI Phospholipid: diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AN AAB24260 Protein DGENE 

•AB The present invention describes an enzyme for catalysing (in an 



acyl-CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyl transferase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzyme and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents an 
Arabidopsis thaliana PDAT amino acid sequence. 
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AAB24260 Protein DGENE 

Phospholipid: diacylglycerol acyltransf erase enzymes in the 

biosynthetic pathway for triacylglycerol 

production and DNAs encoding them, useful for 

producing triacylglycerol, or for transforming any cell or 

organism to increase oil content - 

Dahlqvist A; Stahl U; Lenman M; Banas A; Ronne H; Stymne S 
(BADDBASF PLANT SCI GMBH. 

WO 2000060095 A2 20001012 97 

WO 2000-EP2701 20000328 

EP 1999-106656 19990401 

EP 1999-111321 19990610 

US 2000-180687 20000207 

Patent 

English 

2000-665012 [64] 

Arabidopsis thaliana PDAT amino acid sequence SEQ 
ID NO: 14. 
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Phospholipid: diacylglycerol acyltransf erase enzymes in the biosynthetic 
pathway for triacylglycerol production and DNAs 

encoding them, useful for producing triacylglycerol, or for transforming 
any cell or organism to increase oil content - 
AAB24259 Protein DGENE 

The present invention describes an enzyme for catalysing (in an 
acyl -CoA- independent reaction) the transfer of fatty acids from 
phospholipids to diacylglycerol in the biosynthetic pathway for the 
production of triacylglycerol (TAG) . The enzyme is designated as 
phospholipid: diacylglycerol acyltransf erase (PDAT) . The enzyme 
and the nucleotides encoding them are useful for producing TAG and/or TAG 
with uncommon fatty acids. The enzym.e and the nucleotide are also useful 
for transforming any cell or organism in order to be expressed in this 
cell or organism and result in an altered, preferably increased oil 
content of this cell or organism. The present sequence represents the 
Schizosaccharomyces pombe PDAT amino acid sequence. 
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